Groups of male Fischer 344 rats were chronically fed semipurified choline-devoid or choline-supplemented diets, high in fat (15%), and containing or not containing 0.06% phenobarbital. Atypical acinar cell nodules were observed in the pancreas of the rats, irrespective of the diet fed, with incidences varying from 38% to 100% in the various groups. No consistent differential effects of the dietary treatments on the incidence and growth of the nodules were evident, even though the diameter of the nodules tended to be greater in some of the groups fed the basal choline-devoid diet. The vast majority of the nodules were of the acidophilic type. More advanced pancreatic acinar cell lesions were observed in a few of the rats. Since the rats were not exposed to a chemical carcinogen(s), development of the nodules and of the more advanced lesions, even in rats fed the control diets, was most likely due to evolution of endogenous (spontaneous) initiated pancreatic cells, promoted primarily by the feeding of semipurified diets with a high fat content.
INTRODUCTION
The etiology of carcinoma of the pancreas in humans continues to be obscure. Cigarette smoking increases the relative risk to about twice that in non-smoking controls, and one cohort study has provided evidence that exposure to 2 recognized chemical-carcinogens, benzidine and 2-napthylamine, is associated with an increased risk of pancreatic carcinoma (22) . However, the cause of pancreatic cancer in humans is unknown in the majority of cases. Epidemiological analyses of the etiology of pancreatic cancer increasingly focus on dietary factors that appear to increase the risk of carcinoma of the pancreas, and diets with a high fat-and proteincontent have been particularly implicated in this respect (3 1).
Studies performed with animal models have shown that certain genotoxic chemical-carcinogens are efficient initiators of pancreatic carcinogenesis (1 4), and have provided a sufficient background of experience in the recognition of carcinogen-induced lesions, which have been described in detail for rat and hamster pancreas. In rat pancreas, the most common carcinogen-induced focal-change has been designated as an atypical acinar cell focus or nodule (1 4, 15). Similar lesions occur in non-carcinogen exposed rats. In studies involving rats treated with azaserine or nitrosamine carcinogens, 3 dietary factors have also been identified that enhance the growth of atypical acinar cell foci: feeding a semipurified rather than a natural-ingredient (chow) diet (1 8); feeding high-fat diets, especially when the fat is unsaturated (16, 30);.?nd inclusion of a trypsin inhibitor in the diet (1 1).
Two experiments were recently performed, whose principal objective was to study aspects of the induction of liver cancer in rats fed choline-devoid (CD) diets, without exposure of the animals to a chemical carcinogen (4, 32) . Midway through the experiments, it was decided to examine histologically the pancreas of the animals, since Engel et a1 (7) had reported that the same regimen induces preand neoplastic lesions also in this organ. The examination confirmed the original findings of those 59 investigators. However, relevant lesions were observed also in the pancreas of rats fed control, choline-supplemented (CS) diets. These lesions had an incidence and size such to override the significance of any observed difference due to the diets fed, and to constitute instead the major result of the examination. The result impinges indeed on an issue which has been lately receiving an increasing attention, namely the existence of endogenous initiated cells in rat tissues. The scope of this communication is to present the observations made.
MATERIALS AND METHODS Four to five week-old-male Fischer 344 (F344) rats with an initial body weight of 90-100 g were used. CD and control CS semipurified-diets, or the same diets containing 0.06% phenobarbital (CD + PHB and CS + PHB), were purchased commercially (Dyets, Bethlehem, PA). All diets contained 15% fat, consisting of 5% corn oil, and 10% of a mixture of partially-hydrogenated vegetable oils (1 2). Feed and water were offered ad Zibituin throughout. In the first experiment (4), groups of rats were fed the CD diet for 3-month incremental periods, followed by feeding the control CS diet for the duration of the experiment, which was 16 months; 2 additional groups were fed exclusively the CS or CD diet for 16 months. In the second experiment (32), groups of rats were fed the CS, CD, CS + PHB or CD + PHB diets, and were killed after 7 or 14 months. Additional rats on each diet were killed during a 14-22 month feeding-interval, when they showed signs of ill health, or were moribund. The number of rats included in this study is shown in Table I . At the time of killing, the body and tail of the pancreas were removed, and were processed for routine examination ofhematoxylin and eosin (H&E) stained paraffin-embedded sections. The pancreas sections were systematically scanned to count atypical acinar cell foci, and the size of the foci was determined either by measurement of the diameter of spherical lesions, or from an estimated average-diameter of the lesions that were not circular in transection (30) . Group differences in relation to number of lesions per group, number of lesions in rats with lesions, lesion diameter, and lesion areas were analyzed by means of the Kruskal-Wallis nonparametric statistical test (10); the assumptions of the parametric counterpart were not met.
RESULTS
The overall histological appearance of the pancreas was normal in a majority of the rats, but a variety of pathological processes was observed, including islet-cell tumors, cystic ductal-complexes, and pancreatitis. The incidence of islet-cell tumors was 6.8%, and their appearance in H&E stained sections was consistent with insulinoma; the tumors, however, were not phenotyped by immunohistochemical staining. One example, each of acute pancreatitis and of diffuse chronic pancreatitis, were noted among the 162 pancreases examined histologically.
In both experiments, atypical acinar cell nodules were observed in all groups of rats, irrespective of whether they were fed CD or control CS diets. Table  I shows the results of the quantitation and sizing of these lesions. The incidence of nodules varied from 38-100% in the various groups, but the number of nodules per pancreas was generally low. The lesions had, on the whole, a larger diameter and area in rats of the first experiment than in those of the second. Moreover, in rats of the first experiment fed exclusively the CD diet, or fed sequentially the CD and CS diets (except the first group), the diameter of the nodules was significantly greater than that of the nodules in rats fed exclusively the CS diet. However, when the results obtained in the 2 experiments are considered altogether, neither the CD diet, nor inclusion of PHB in the CS and CD diets, appeared to have marked and consistent effects on the growth or incidence of the nodules.
The histological features of the nodules were very similar to those reported for foci or nodules in rat pancreas following carcinogen treatment (1 5). Both acidophilic and basophilic foci were present, with an overall incidence of 70% and 6.2%, respectively. Multiple acidophilic foci were observed in many pancreases, whereas basophilic foci usually occurred singly. The vast majority of the foci, therefore, was acidophilic ( Fig. 1) . The average size of the acidophilic foci was greater than that of basophilic foci by a factor of about 10, and increased with the duration of the experiment. However, the ratio of basophilic to acidophilic foci did not differ significantly between groups fed the various diets (data not shown), and thus, there was no evidence that either the CD diet, or inclusion of PHB in the diets, affected nodule phenotype.
Beside foci, a few nodule-within-nodules were observed, as well as 2-!arge lesions which were classified as acinar cell carcinomas (Fig. 2 ). Another smaller lesion was classified as a carcinoma in situ, because of the degree of cytologic anaplasia and desmoplasia ( Fig. 3 ). One of these rats was fed the CS + PHB diet for 14 months, the second was fed the CD diet for 12 months and the CS diet for 4 months, and the third was fed the CD diet for 9 months followed by 7 months of CS diet. It is worthy of note that pancreatic foci and tumors coexisted with hepatocellular carcinomas in several of the rats (4, 32). 
DISCUSSION
Atypical acinar cell foci or nodules have been previously observed by several investigators in aging rats not exposed to chemical carcinogens (2, 3,  5,8,20) . The origin of these foci is usually attributed to the presence in rodent's pancreas, as is the case in the liver (12, 25-27, 34) , of so called "spontaneous" (34), "endogenous" (I 2), or "fortuitous" (33) initiated cells. Several characteristics of the "spontaneous hypertrophic foci" described by Chiu (5) suggest that reference was made exclusively to basophilic foci; the assessment that the growth potential of these foci was low agrees with that of others.
A higher incidence of these foci in Sprague-Dawley male rats was observed (5), than reported here, while a higher incidence of acinar cell foci was found in untreated LEW, than in F344 rats (21) .
Because the experiments used in the present study were designed to investigate effects of CD and CD + PHB diets on liver carcinogenesis (4, 32), 2 control-groups are missing that would have been relevant to the evaluation of the pancreatic foci observed even in rats fed control, CS diets. These groups would have been fed a chow diet ( 4 4 % fat), and a 5% corn-oil semipurified-diet. Previous studies in male F344 rats yielded pancreatic foci with an in- cidence of 5-25% after feeding chow (2, 8), and of 71% after feeding an AIN-76A diet containing 5% corn oil (1 9).
The frequency with which atypical acinar cell foci were observed in the present study was higher than one would have anticipated on the basis of that reported in most previous studies with F344 rats. Indeed, foci were detected in all groups of rats, irrespective of the diet fed, at incidences up to 100%. The vast majority (94%) of the nodules was of the acidophilic type, with morphologic characteristics very similar if not identical to those of the acidophilic nodules seen in models of chemical pancreatocarcinogenesis. This finding is rather significant, inasmuch as there is ample evidence that acidophilic foci are the cancer precursor-lesions in the latter models (1 5). That also the foci observed in the present study had the potential to fully evolve to neoplastic lesions is attested by the findings of nodules within nodules, of one carcinoma in situ, as well as of 2 more advanced lesions, which were classified as carcinomas. The carcinoma incidence presently found, 1.9% (3/162), is distinctly higher than the incidence of 0.2% reported for male F344, oil-gavaged, chow-fed control rats (8).
In the experiment involving the use of basal diets (Table I, experiment l) , the diameter of the foci was significantly greater in rats fed exclusively for 16 months the CD diet, rather than the CS diet, and the same was true for most other groups of rats fed the CD diet. This finding suggests that the CD diet might have had a promoting action vis d vis the growth of the foci. However, the CS and CD diets used for carcinogenesis studies in this and other laboratories (9) are both of a semipurified type, and high (1 5%) in fat, and these factors seem more likely to have been responsible, primarily, for the high incidence offoci observed in the present study, even in rats fed exclusively the control CS diets. A semipurified diet (18), and a diet containing 15% corn oil (21), have indeed been shown to promote carcinogen-induced foci in rat pancreas. Moreover, occurrence of pre-or neoplastic lesions in the liver of rats fed a plain CS diet has not been recorded so far. The effects of lipotrope-deficient diets on chemical (azaserine) pancreatocarcinogenesis in rats have also been the object of a few studies (1,29,35), with mixed results. In contrast, numerous studies have consistently revealed a promoting effect of high-fat diets (28).
Inclusion ofPHB in the CS and CD diets appeared to have little or no effect on the incidence or growth of the nodules (Table I, experiment 2) , and no publi$hzd,.study could be found on the effects of PHB, alone-oy in*tonjunctioq with high-fat semipurifieddiets, on chemical pancreatocarcinogenesis in the rat.
Possible causes of mutations that might serve as initiating events in pancreatic carcinogenesis include known exogenous genotoxic carcinogens, and certain endogenous metabolic products, such as reactive oxygen species and endogenous products of nitrogen metabolism, i.e., endogenously generated nitrosamines (23). Considerable emphasis has been placed on the possible role of endogenous nitrosation in the etiology of gastric carcinomas (6). Nitro- samines formed in the stomach, or elsewhere in the gastrointestinal tract, might be absorbed and reach internal organs such as the pancreas, but it may not be necessary to postulate a mechanism of such complexity. Marletta has recently described a pathway for generation ofnitric oxide, and related nitrosating agents, from arginine (23). In view of the fact that pancreatic acinar cells normally maintain high intracellular levels of amino acids, they might be especially vulnerable to the latter pathway of nitrosation. Thus, although the putative preneoplastic foci, that occur in organs of animals not-knowingly exposed to exogenous carcinogens, are referred to as "spontaneous," it might be more accurate to regard them as "endogenously" initiated.
In the presence of strong promoting factors, it can be anticipated that endogenously initiated pancreatic cells might evolve and progress to carcinomas. There are actually several reports in the literature.. =_ on experimental carcinogenesis of the pancreas that' seem to provide examples of this possibility and mechanism. Several investigators have observed an increased incidence of acinar cell adenomas, and a low incidence of acinar cell carcinomas, in "control" groups of rats not treated with an initiating agent.
These include rats fed for 2 yr a natural-ingredient diet containing soy bean trypsin inhibitor; in one such experiment the incidence of carcinomas was 13% (24). Another example is feeding diets with high 'levels of unsaturated fat, typically corn oil (I 6). Development of acinar-cell adenomas and of carci-nomas has also been found to occur in oil-gavaged control-rats fed a chow diet (2, 3, 8). A final observation of importance, for the interpretation of the findings reported in this communication, is that the number of foci, and the incidence of acinar cell carcinomas, have consistently been higher in azaserinetreated rats fed a semipurified, rather than a chow diet (1 8,21). AIl diets used in the present study were semipurified and contained 15% fat.
The observations herein reported once more draw attention to the as yet ill defined, but real phenomenology, of endogenously initiated cells in rodents' organs (34). Moreover, they indicate that evolution of these cells may be promoted by some of the same organ-specific agents, that stimulate the growth of chemical carcinogen-initiated cells. The whole phenomenology, therefore, could have real implications for the pathogenesis of experimental models, such , as the CD-diet model of hepatocarcinogenesis (1 3, '3%); -'aria the tjpsin-inhibitor diet-model of pancreatocarcinogenesis (24) in the rat.
It seems reasonable to speculate that similar apparently-endogenous foci that occur in human pancreas (17) might be promoted to grow and evolve by dietary stimuli such as a high fat-consumption, or by other as yet undefined factors.
